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PRESSURE DISTRIBUTION INDUCED ON A FLAT PLATE BY A
SUPERSONIC AND SONIC JET EXHAUST AT A
FREE-STREAM MACHE NUMBER OF 1.80

By Abrahem Leiss and Walter E. Bressettie
SUMMARY

As a continuetion of previous research at Mach numbers of 2.02 and
1.39, an experimental investigation wes made of the pressures induced
on a flat plate by a propulsive Jet exhausting from sonic and supersonic
nozzles st a free-stream Mach number of 1.80. Measurements of the pres-
sure distribution on & flat-plate wing were made at zero angle of attack
for four different locations of the Jet exhaust nozzle beneath the wing.
Both a choked convergent nozzle and a convergent-divergent nozzle on the
nacelle were used. The nozzles were operated at necelle-exit total-
pressure ratios fram 2 to 16 and the Reynolds number per foot was approxi-

mately 13 X 10°.

Two distinet shock waves impinged on the wing surface and greatly
altered the pressure distribution at all nozzle positions. Positilve
incremental normsal force resulted on the wing at all positions. Compar-
isons are presented for two free-stream Mach numbers.

INTRODUCTION

A series of investigations to determine the effect of a propulsive
jet, issuing from the rear of a nacelle into free-stream supersonic flow,
on a zero-angle-of-attack flat-plate wing surface has been completed.
References 1 and 2 contain the results of the tests at free-stream Mach
numbers of 2.02 and 1.39. The data presented herein were obtained for
g free-stresm Mach number of 1.80 using a cold helium propulsive Jet.

The results presented in references 1 and 2 show that a propulsive Jet
issuing from the rear of a nacelle into free-stream supersonic flow pro=-
duced strong disturbances which were responsible for the formation of
shock waves in the free stream, downstream of the jet exit. Induced 1ift
was produced when these shock waves in the extermnal flow Impinged upon
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an adjacent surface. Mach number comparisons as well as sonic and super-
sonic nacelle-exit comparlsons are presented in this paper.

The data presented were cobtained over & range of nacelle-exit tofal-
pressure ratios from 2 to 16 at a free-stream Mach number of 1.80. The

free-stream Reynolds number per foot was approximately 135 X 106. The
investigation was conducted in the preflight jet of the langley Pllotless
Aircraft Research Station at Wallops Islend, Va.

SYMBOLS

A area, 8q in. - -

Np - Np
ACy incremental normel-force coefficient, —F—7—

Ufle
Cp pressure coefficient, P~ P
%
Gy = Cp,n - Cp,r -
Cp gross-thrust coefficient, T/q Ae
D dismeter, Iin.
H total pressure, 1lb/eq in. . -
He/p,, nacelle-exit total-pressure ratio
M Mach number
N normal force, 1b
P static pressure, 1b/sq in.
pe/poo nacelle~exit statlc-pressure ratio ~ -
a dynamic pressure 7pM2/2, Ib/sq in.
o -

T gross thrust, 7pM"A, + D hAs ~ P A
X chordwise distance from nacelle exit, in,

Mot g,

<

Jd
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¥y spanwise distance from nacelle center line, in.

exit shock angle, deg

o Jet shock angle, deg

¥ specific-heat ratio; 1.40 for air, 1.67 for helium
Subscripts:

b nacelle bese

c combustion chember

e nacelle exit

£ propulsive Jet off

n propulsive jet on

T nozzle throat (for sonic T = e)
W wing

% free strean

APPARATUS

The tests were mede In the preflight jet facility (described in
ref. 3) of the Langley Pilotless Aircraft Research Station at Wallops
Islend, Va. A Mach number 1.80, 27- by 27-inch nozzle was used for these
tests. A photograph of the nacelle mounted in the test position beneath
the flat-surface wing at the exit of the 27~ by 27-inch nozzle is shown
as figure 1.

A sketch of the nacelle with its principal dimensions is shown in
figure 2. The exit areas A, of the supersonic and sonic nacelles were
0.567 and 0.407 square inch, respectively. The body of the nacelle
had e meximum diameter of 1.12 linches with an overall length of
11.65 inches. A convergent-divergent nozzle providing a supersonic exit
was constructed for the nacelle. In sddition, & convergent nozzle pro-
viding a sonic nacelle exit was instelled for one test positlon. The
nacelle was mounted on a hollow support strut which served as a housing
for the pressure tubes and helium feed line. The leading edge of the
strut was swept back from the nacelle at a 25° angle, while the trailing
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edge was swept back at a 40C angle. The strut had a hexagonal cross
sectlon as shown In figure 2. Flgure 3 shows the locatlon of the necelle
with respect to the wing end preflight-jet-nozzle exit. The wing as
shown in figures 1 end 3 is described in reference 2._

INSTRUMENTATION

The internal static pressure and the menifolded total pressure of
the nacelle were measured for all tests. The locatlon of these orifices
is shown in figure 2. The total drag (nacelle Jet off) and the net
thrust (nacelle jet on) were measured with a +150-pourd meximum thrust
dreg balance at position I, (fig. 3).

The position of 47 static-pressure orifices (0.06-inch diemeter)
on the wing are shown in figure 4. The free-stream total pressure and
the stream static pressure (1/2 inch up stream from preflight nozzle
exlt) were the pressures meesured on the preflight jet 27- by 27-inch
nozzle.

All pressures were recorded by electrical pressure recorders of the
strain-gege type. A 10-cps timer correlated all time histories on
recording peper. Shadowgraphs, which were photogreaphed at an exposure
of approximately 0.003 second, were obtalned by using & carbon-arc light
source and an opaque-glass screen. "

TESTS AND METHODS

The nacelle was mounted within the Mach number 1.80 rhombus of the
preflight jet. The wilng was stationsry and the nacelle was moved hori-
zontally and vertlcally between test runs to the four positlons shown in
figure 3; tests were made at each position. At position Iy, & sonlc

nozzle was substituted for the supersonic nacelle-exit nozzle as 1llus-
trated 1n figure 2. At all positions, the nsacelle was at an angle of
attack and sideslip of 0° with respect to both the wing surface snd the
center line of the test nozzle. The tests were made using a helium
propulsive jet, which as shown in reference 4 will yield Jet-effect data
pressure ratios tested. Although helium has a& 7 of 1.667 and a typi-
cal turbojet with afterburner has a ¥ of 1.27, the effect of this
dilfference In 7 1is minor on the wing pressure coefficients at & nacelle-
exit static-pressure ratio of 8 or less as shown in reference L.

The tests were made by first sterting the Mach number 1.80 preflight
Jet and recording Jet-~off dete, then sterting the flow of helium and
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recording Jet-on data. The pressure ratio at the nacelle exit was varied
autamatically as the helium supply decreased. At position I with
free-stream jet on, a high-frequency strain-gage balance wes used to meas-
ure both the total dreg (jet off) and the net thrust (jet on). The gross
thrust then was obtained by an algebraic summation of the Jet-on and Jet-
off data. The nacelle-exit static-pressure and the nacelle-exlt total-
pressure were then computed from the gross thrust. At all test positions
Ho and p, were measured inside the nacelle ass 1llustrated in figure 2.
From the measured values of H, and p,, the Mach number in the nacelle
chember was calculated to be epproximately 0.30. By using this value

of M; end assuming one q decrease in pressure between Hr and Heg,
He was calculated from the meesured values of H,. This calculated
value of H., obtained from the measured velues of Hx 1s presented in
figure 5. Also Included in figure 5 ‘is the value of He/'p°° calculated
from the thrust drag measurements at position Iy (vy the method pre-
sented in ref. 2) plotted asgainst the measured values of Ho /P, Fig-
ure 5 indicates that the assumption of one g decrease in pressure

from H, to H, 1s & valid one and therefore all values of He/p  &s
used hereln were obtained from the measured Hc/pa° values assuming a
one q Gdlfference. The relationshlp between nacelle-exit static-pressure
ratio and nacelle-exit total-pressure ratio is presented in figure 6.
Figure 6 also indicates the range of pressure ratios covered in these
tests.

ACCURACY

By accounting for the instrument error of 1 percent of full-scale
range, the probegble error is believed to be within the following limits:

s 0 e =)
ijf e e
Cp,m + v+ o v n e e e e e e e e e e e e e e e e e e e ... £0.02
Ho Dy « + + = + + = o v o m e e e e e e e e e e e e e .. .. ¥0.20
Pe/Pm e e e 4 4 e s 4 s 4 e s s e e e s e s e s e e e e e s e . T0.03

RESULTS AND DISCUSSION

Jet-0ff Pressure Coefficients

Jdet-off pressures were messured at 47 orifices on the wing at each
of the four nacelle positions. The Jet-off pressure coefficlents CP’f
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were camputed and glven in teble I for all test positions. TFigure 7
shows the variation of Jet~off pressure coefficients with orifice loca-
tion for all test positions. Note that the curves are similsr to those
that are presented in references 1 and 2 with position .5, legging

behind I, and position I, lagging behind I; and T,. The value
of CP’f a8 plotted incliudes all the interference effects on the wing.
After the Cp,p rise at x/Dp of 10.76, Cp,r always has a nearly

common value due to the intersection on the wing of the nacelle trailing-
wake shock wave (described in ref. 5). However, when the trailing-wake
shock intersects the wing downstreem of x /D~ of 10.76, the Cp,r value

at x/Dp of 10.76 is negative as shown in figure 7(c) at position I,

and, in all positions of figure T(d). This negative value, which is
caused by the expansion over the nacelle boattail, is consistent with the
negative values of 'Cp,f preceding the intersectlon of the trailing-wake

shock wave for the other profiles presented and is unaffected when the
intersection of the trailing-wske shock weve 1s downstream of the wing
tralling edge. The nacelle was moved 3 inches toward the trailling edge
of the wing to position IT),.. The Jet-off pressure coefficients Cp,f
for test position II;, are included in figure 7. At position IL,, the
value of Cp,r at orifice x/Dp of 6.59, aslong the nacelle center line,
was about the seme as Cp,f at position I3, and not appreclsbly reduced

due to the location of the wing trelling edge as it was in reference 2

at My = 1.39 for two identical vertical positions. This indicates that

the base-pressure effects on the pressure data along the nacelle center

line, owing to the location of the wing trailing edge, were not as severe

for the Mach number 1.80 tests as they were for the Mach number 1.%39 tests

of reference 2. TFigure 8 illustrates the shock waves originating from

the nacelle wake for the four test positions. These were photographed

with a shadowgrsph screen. - _ -

Jet=0n Pressure Coefficients

Shock waves.-~ Presented in figure 9 are the shadowgraph pictures for
various nacelle-exit total-pressure ratios of the flow fleld sbout the
nacelle exit for the supersonic propulsive jet at the four test poeitions.
Vislble downstreem of the nacelle exit, in most of the shadowgraph pic-
tures, are two shock waves that lmpinge upon the wing surface and then
are reflected. The first of these shock waves 1s lmown as the exit shock,
and the second is called the Jet shock. In some publications, the exit
shock wave and Jet shock wave are referred to as the primary and second-
ary shock waves, respectively. The effect of these exit and jet shock
waves 1s emply described in references L4 and 6.

N ey
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Figure 10 illustrates the variation of the exit-shock-wave angles
(angle between the point of intersection on the wing of the exit shoek
wave and the necelle exit) and jet-shock-wave angle with nacelle-exit
total-pressure ratio at test positions Ig, Iy, and I, for the super-

sonic nacelle exit as measured from the shaedowgraph pictures. The Jjet-
shock-wave angles at position Ig are not shown as the shadowgraph plc-

tures were not clear enough to detect them. The nacelle distance from
the wing was very small at this positlon.

It can be shown thet an imsginary aepex for the jet shock wave, in
these tests, originastes at the nacelle center line the same distance
fram the nacelle exit for both positions Iy, and I,. This fact is

substantiated by the method described in eppendix A. Figure 1l presents
this camputed chordwise distance of the apex of the jet shock as it
varies with neacelle-exit total-pressure ratio. This curve shows that
varying the nacelle location from position I, to I, had no effect on

the origin of the jet-shock-wave angle for these free-stream Mach num-
ber 1.80 tests. Therefore, by & simple conical projection, the apex
locations can be used in conJjunction with the pressure date presented
to determine the intersection of the jJet shock wave on surfeces other
than a flat plate.

Figure 12 presents the data of the sonic nacelle-exit test at posi-
tion I3, and shows the corresponding data of the supersonic nacelle exit

for the exit-shock-wave and jet-shock-weve angles and their point of
Intersection and origin with respect to nacelle-exit total-pressure ratio.
The exit-shock-wave angles (fig. 12(a)) decreased with an increase in
nacelle-exit Mach number because pe/pc° 1s less for the supersonic exit

then it was for the sonic exit at a given value of Hg/p,. As shown in

references 4 and 6 the exit-shock-wave sngle is primerily a function of
pe/pm, nozzle geameiry, and free-streasm Mach number. These angles were

obtained by direct messurement of the sghadowgreph pictures. The Jjet-
shock~wave angles and jet~shock-wave intersection points on the wing were
also obtained from the shadowgraph pilctures. Note how these are almost
identical (within the accuracy of the data) for both the sonic and super-
sonic nacelle exits. The location of the apex of the sonic-jet shock
wave was computed (as described in appendix A) for the sipersonic-jet
shock wave. The apex of the sonic- and supersonic-jet shock waves is
almost identically located as seen in figure 12(c). These results show
that the location of the Jet-shock-wave apex is only a function of Hé/pm.

Figure 13 compares the exit and jet-shock-wave engles for the sonic
exit at free-stresm Mach numbers of 1.39, 1.80, and 2.00 as a function

¥l
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of nacelle-exlt static-pressure ratlo. These curves have an increasing
trend with increasing values of pe/p°° for all Mach numbers, and they
Increase in angle wlth a decrease 1n free-stream Mach number at a common
value of Pe/Pe- The Jet-shock-wave angle is only a function of the

free-stream Mach number.

Nacelle position.- In figure 1k, the chordwise variation of jet-on
pressure coefficients for all test positions 1s presented at four span-
wlse pogitions as a functlon of distence from the nacelle exit x/DT

at a nacelle~exit total-pressure ratlo of 7 for all pressure orifices.
Tebulated in table II are the experimental Jet-on pressure coefficilents.
for individual orifice locations at all test positlions for integer values
of nacelle-exit total-pressure ratios. As shown in reference 2 for Jet-
on data, there 1s a reductlon in the meximum positive pressure and a
rearward movement of the complete pressure profile as the nacelle is
lowered in position as well as & genersl reduction in pressure at each .
position as the spanwise distance is increessed. Also, as in the Jet-off
condition, increesing the vertical distance between the nacelle exit and
the wing moved the point of intersection of the shock wave towsrd the
trailing edge of the wing. . —

Figure 15 presents the trend of Jet-on pressure coefficients as a
varleble of total-pressure ratio. It can be concluded, by examining these
curves (fig. 15(c), in particular), that the higher the_total—pressure
ratio, the nearer the intersection of the exlt shock wave on the wing is
to the exit of the nacelle. Note the direct similarity between posi-
tion I, and IIy. Since position IT, was 3 inches closer to the wing

trailing edge then position Ty, similar data for these two positions

indicate no wing trailing-edge effects as Wwes._ found 1in reference 2 for
My = 1.39. . _

Nacelle~exit Mach number.- Figure 16 presents the chordwise varistion
of Jet-on pressure coefficients at test position I for both sonic and
supersonic nacelle exits at a nacelle-exit total-pressure ratio of 7.

Very little difference in the sonlc and supersonic Cp,h profiles are
noted for the same nacelle-exlt total-pressure ratio. This similarity
can be expected because as shown in figure 12(d) the Jet shock wave

intersects the wing at epproximetely the same value of x/Dp for both

the sonic and supersonic exits. However, as shown in figure 12(a)}, the
exlit-shock-wave angle is greater for the sonlc exit than it is for the
supersonlc exit. Therefore it can be expected that a slight dissimilarity
exists downstream of the intersection of the exit shock wave as shown in
figure 16 and also as presented in reference 2.
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For identical nacelle-exit static-pressure ratios, the Cp,n curves
are dissimilar downstream of the intersection of the exit shock wave, as
illustrated in figure 17. Figure 17(a) presents the chordwise variation
of Cp,n along the wing center line at test position Iy for both sonic
and supersonic nacelle exits, at a nacelle-exlt static-pressure ratio
of 1.96. As can be seen in the pictures presented in figure 17, the jet
shock weve from the supersonic exlt intersects the wing further downstreean
then the Jet shock wave from the sonic exit while the exit shock wave
appears to be similar. Reference 4 shows & theoretical increasse in the
gize of a Jet boundary with an increase in nozzle divergence angle at the
same values of nacelle-exit static-pressure ratio. Therefore, the super-
sonlc nozzle exit would cause & larger value of © than would the sonic
exit (illustrated in fig. 2) at the ssme values of nacelle-exit static
pressure. Since De/Db is greater for the supersonlic exit nacelle than
the sonic exit nacelle, the base annulus area might cause a larger 6
for the supersonic nacelle exit. This larger ©6 for the supersonic
nacelle exit is indicated in figure 17(a) by & greater positive pressure
rise due to the exit shock wave for the supersonilc exit. Figure 17(b)
mekes the seme type of camparison as figure l7(a), except at & nacelle-
exit static-pressure ratio of 0.98.

Incremental Pressure Coefflcients

Nacelle position.- Since all the interference effects of each of
the test configurstions are included in both jet-off (Cp’f) and jet-on
(CP:HO pressure coefflicients, incremental pressure ccefficients ACP
have been compiled and are presented in figures 18 through 20. The
values of the incremental pressure coefficients were used to indicate
the megnitude of the Jet effects as obtained for these tests. In

table IIT, the incremental pressure coefficlents are presented for all
test positions for the complete range of total-pressure ratios tested.

Figure 18 presents the chordwise variation of incremental pressure
coefficients at two spanwise stations for positions Ig, I, and I,

at a total-pressure ratio of 7. The result of combining jet-on and Jjet-
off wing~-profile pressure coefficients as shown in figure 18 indicetes

positive incremental pressures immedistely downstream of the exit shock
wave. Thils positive ACP decreases to negative values then spproaches

& common negetive value for all test positions. ZFilgure 19 presents the
chordwise variation of incremental pressure coefficients for test
positions I, and II;, at a nacelle-exit total-pressure ratio of T

along the nacelle center line. These curves are identical even though
the Cp,f and. cp,n curves were not correspondingly equael for test
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positions I and IT,. This is significent in that it substantiates

an earlier statement concerning the elimination of the Interference
effects accumulated in the Jet-on and jet-off tests. -

A1

Nacelle-exit Mach number.- Shown in figure 20 asré the incremental
pressure ratios for both sonic and supersonic nacelle’exits. Comparisons -
are illustrated showing He/p, &s a constant (12) for both exits end
also pg/pP, 8s & constant (1.96) for both exits. For the same nacelle-

exit static-pressure ratio of 1.96, both the exit- and Jet-shock-wave
intersection points are at different values of x/DT ‘as indicated by
the positive incremental-pressure rises. pre%er, for the same nacelle-
exit total-pressure ratio of 12, the first positive pressure rise from
the exit shock intersection is still-at a different value of x/Dp and
the second incremental pressure rise from the jet shock waves occurs at
the same value of x/Dp. -

Normal force.- Since the wing trailing-edge effect and other inter-
ferences are all eliminated when ACP profiles are camputed, ACy cen
be computed for any length flat wing less then x/DT = 11.4. Presented
in figure 21 are the AC, profiles acrose the flat wing at a nacelle-
exlt total-pressure ratio of 15. The cross-sectlonal area was integrated -
for this nacelle-~exit total-pressure ratio g8 well as:%he camplete range
of total-pressure ratios tested and cross plotted. Typical curves,
illustrating this method, sre presented in Figure 22 for He/p, o©of 8
and 15. Figure 22 end the corresponding curves for other nacelle-exit’
total-pressure ratios were then integrated and ACy was determined.

The incremental normal-force coefficients ACy based on Ap with

respect to Hé/Pm for test positions Iy, Iy, and I. for both sonic

and gupersonic nacelle exits are shown in figure 25. At all nacelle

test pogitions, positive incremental 1ift was obtained, and ACy resulted
with a positive rise as He/p, increassed. Note that at lower nacelle- )
exlt total-pressure\ ratios, the ACy curve tends to level off and remain

constant. Algso, the farther awsy the nacelle position 1s to the Wing,'
the longer this constant level persists. This indicates that the value
of ACy at each test position remains constant to a higher value of

He/p,, @& the nacelle is moved awsy from the wing surface.

Free-stream Mech number.- Combining the data of reference 2 with
these test data results in figure 24 which compares the incremental B
pressure coefficients at two free-stream Mach numbers.- Shown in this -~ ==
figure i1s the chordwise variation of incremental presslire coefficients p—-




NACA RM I56I06 11

at test position Iy for both sonic and supersonic nacelle exits at

free-stream Mach numbers of 1.39 and 1.80.for He/Pw =-T. Note that the
exit shock wave moves downstream with an increase in free-stream Mach
number (also indicated in fig. 13). The ACP maximum due to the exit
shock wave decreases in value with an Ilncrease in free-stream Mach num-
ber. Note also that the values of ACp downstream of x/Dp > 6 are

about the same for both free-stream Mach rumbers.

Presented in figure 25 are the varlations of incremental pressure
coefficients with nacelle-exit total-pressure ratio at free-stream Mach
numbers of 1.39 and 1.80 for three different pressure-orifice locations
at test position I, for both supersonic and sonic nacelle exits. Fig-
ures 25(a) through 25(d) indicated the pressure disturbance due to the
exit shock wave. The Jet-shock-wave .effect is noticed in figures 25(e)
and 25(f). Note the simular trend for the sonic and supersonic nacelle-
exit data for the same pressure orifice and that the supersonic data lags
behind the sonlc data for each free-siream Mach number at the same pres-
sure orifice. The exit-shock-wave angle effect for the M = 1.80 tests
can be seen in figures 25(c) and 25(d), and the exit-shock-wave-angle
effect for the M, = 1.39 tests are indicated in figures 25(a) and 25(b).
This was expected since the larger shock-wave angle of the M, = 1.39
data produced the pressure rise on the closer nacelle orifice (x/DT = 2.43,

y/Dp = 0).

Thrust coefficlent.- Figure 26 presents the gross-thrust coeffi-
cient Cp, based on Ao, as it varies with Be /P, for the sonic and

supersonic nacelle exits. Figure 27 presents the variation of ACN/CT '
wlth respect to Hé/pm for both sonic and supersonic nacelle exits at
test positions Iy, Iy, and TI,. These values were obtained by dividing
the data of figure 23 by the value of Cp in figure 26. The ACy
increases for both sonic and supersonic nacelle exits at a much slower
rate than Cp at the lower values of Hé/pw and at approximately a
constant rate for He/p, > 6. Position Is (only 1.74 Dp from the

wing surface) also follows this trend but not as severely at the lower
nacelle-éxit total-pressure ratios.

Figure 28 presents the variation of incremental normsl force to
thrust ratio with nacelle-exit total-pressure ratios at position L, for

both sonie and supersonic nacelle exits at free-stiream Mach numbers of
1.39 and 1.80. The change in free-stream Maech number from 1.80 to 1.39
seems to have little or no effect on ACN/CT.

::t&iﬁmai;a'
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CONCLUSIONS

Experimental studies have been made at a free-stream Mach number
of 1.80 of a smell-scele propulsive jet exhausting fram sonic and super-
sonlc nozzles parsllel to a flat surfece wing. The scope and results
of these tests are summarized as follows.

1l. Shock waves, formed in the external flow because of the presence
of the propulsive Jet, impinged on the flat surface and greatly altered
the pressure distribution.

2. The Jet-shock-weave angle 1s only a function of free-stream Mach
number and its theoretical apex originates at the same distance from the
nozzle exit for the same nacelle-exlt total-pressure ratic at all test
positions. ~

5. Both the Jet-shock-wave and exit-shock-wave &hgles decrease with
an lncrease in free-stream Mach number at the same values of nacelle~
exlt total-pressure ratlos. B

4. Positive incremental normal force on the wing was obtained at
all test positions. : -

5. The incremental normal force increassed with incressed nacelle-
exit total pressure. _ i -

Langley Aeronsutical Leborstory,
National Advisory Committee for Aeronautics,
Langley Field, Va., August 24, 1956.
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THE METHOD USED TO CALCULATE THE DISTANCE FROM THE NACELLE EXTIT
TO THE APEX OF THE JET SHOCK WAVE ON THE NACELLE CENTER
LINE TO PROVE THAT THIS DISTANCE IS A CONSTANT
FOR ALL NACELLE TEST POSITIONS

A geametric layout to the location of the jet shock wave is shown
in figure 29. The algebraic solution was determined ss follows:

Y- -
2 = tan ¢ = B b
Xp 5
> (1)
X, = B -
tan o J
Lo _ tan o = ~¢ ~ ¢
Xe Xeo
> (2)
o Yo = Je
tan o J
_ X, ten a - ¥y -x - b
*o tan o tan o
Ye
=X, =
*e ¢ tan o

As an example, prove that x = x, at He/p, = 8. Then from figures 3,
10, and 12(d), respectively, the followlng values are obtained:

5.48Dp ¥y = 4.98Dp
o = a = 35.5°

b
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Therefore
3.48D .
X, = 5.84Dp - 0.713T = 0.96Dj
4.98
Xo = T.4Dq - o.ilgT = 0.96Dmp
Thus
X'b = Xc -

For other nacelle~eXit total-pressure ratlos, the following values of
Xps Xo5 Xy, 8nd x, may be obtained:

Be /P Xp Xe Xp Xe
7 5.50 7.60 0.62 0.62
9 6.20 8.30 1.32 1.32
11 6.90 9.00 2.02 2.02
13 7.40 9.50 2.52 2.52
15 7.90 10.00 3.02 3.02

These results are plotted in figure 11. _.
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TABLE I.- VALUES (F JET-(FF PRESSURE COEFFICIENTS FOR

ALL WING ORIFICE POSITIONS

Orifice : Orifice Cp,z at

ordinates Cp,f at test positions - ordinates pogigzon
x /D ¥/Dq Ip - Iy, I, x /Dy ¥/Dp Iy
10.76 0.00 -0.006 0.002 0.005 6.59 0.00 0.019
9.72 .00 .001 .019 .027 5.55 .00 -.079
8.68 .00 Noil! 027 .023 4,51 .00 -.056
T.63 .00 .010 .028 ~.075 347 00 -.101
6.59 .00 .018 .035 -.060 2.43 .00 -.079
5.55 .00 .023 -.095 -.092 1.39 .00 -.055
h.51 .00 .039 -.065 -.069 .35 .00 -.037
34T .00 .039 -.10% -.025 -.69 .00 -.00%
2.43 .00 -.117 ~-.087 -.012 -1.73 .00 .008
1.39 00 -.087 -.OhT 0 -2.17 .00 065

.35 .00 -.095 -.016 .009 -3.82 .00 035
-.69 .00 -.030 (o] .009 -1t .86 .00 o]
10.76 1.h0 -.002 005 .009 6.59 1l.ko -.055
9,72 1.40 .018 .023 .032 5.55 1.ko0 -.077
8.68 1.40 .020 .03k -.068 4,51 1.k0 -.063
7.63 1l.ho .019 037 -.06h 3.47 1.h0 -.105
6.59 1l.4o0 .010 -.040 -. 067 2.43 1.ko -.083
5.55 1.40 .018 -.109 - 20% 1.39 1.h0 -.058
4.51 1.ko 051 -.081 -.062 .35 J.h0 -.037
347 1.40 -.119 117 ~.027 -.69 1.%0 8]
2.43 1.h0 -.119 -.068 -.012 -1.7% 1.40 017
1.39 1.ko0 -.097 -.038 .011 -2.77 1.ko Loh2

.35 1.k0 -.097 -.012 .0L0 ~3.82 1.0 o}
-.69 1.40 -.030 o] .010 -4.86 1.k0 0
10.76 I i .008 .018 -.0h2 6.59 o7 -.079
9.72 k.17 .02k .031 -.060 5.55 b7 -.132
8.68 L7 .020- -.078 -.061 4,51 .17 -.048
7.63 kot -.031 -.064 -.070 347 .17 -.031
6.59 L7 -.089 -.115 -.061 2.43 Lot -.032
5.55 .t -.099 -.094 -.054 1.39 k.17 -.026
k.51 .17 -.097 -.057 -.027 35 L1t .005
347 bo17 -.052 -.034 -.007 -.69 L.t 026
a.h3 .17 -.020 -.010 (o] =1.73 k.17 0
1.39 4.7 -.020 -.007 o] -2.77 k.17 o

.35 4,17 -.020 -.007 o -3.82 k.17 0
10.76 6.94 -.078 -.085 -.084 6.59 6.9% -.048
9.72 6.94 -.07% -.071 -.04T7 5.55 6.0h -.023
8.68 6.94 -.055 -.033 -.022 .51 6.94 .016
T.63 6.94 -.032 -.034 -.019 347 6.94 .026
6.59 6.94 -.0h7 -.0%6 -.016 2.43 6.94 .008
5.55 6.9% -.050 -.035 ~-.024 1.39 6.94 -.001
4,51 6.94 -.045 -.023 -.020 .35 6.9% 0
347 6.94 -.030 -.010 o -.69 6.94 o]
10.76 11.1) =057 -.027 -.036 6.59 11.11 .008
9.72 11.11 -0l -.010 -.021 5.55 11.11 .00k
8.68 it.11 -.035 -.006 -.027 .51 11.11 -.030
T.63 11.11 -.020 -.005 ~.021 347 11,11 0

Nkt i
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-.0%h
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-, 007
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e.62
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=00
2.46
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(b) Test position L, (supersonic exit)
Eressurs cocfficlenta for mmoelis-exit total-presmmre Yetio Hefpy of —
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TABIE TT.- VALURS Or JET-(N PRESSUFE CORTFICIENTS FOR ALL WING GRIFICE
POSTTICRE FOR TOTAL-DHEOSURE RATIOS (F 2 70 16 ~ Comtinoed

(a) Tost positica I, (smpersonia exit)

90T9CT WI VIVN

Oeifice
Fressurn oowfficients for nasclle-oxit total-pressure rwtio Hyfp., of
x/oy | y/D= 2 3 L 3 6 T 8 9 0 n 12 3 h 1Y 1 16
m® oo 05,007 | 0.000 =000 | <0000  =0.008 [ S0.009 ¢ <003 | 0u0l2 | gmR ) oao00k oo 0.003 | 0.00F | 0,003 | C.OO
o | o .010 ~007 007 .008 2006 005 005 .08 08 | w006 | owe | <ok | ciows | Cioké | o
8. 0 008 a13 L0 010 013 013 R 1] =000 =020 22 -.0R% =083 =028 ~.002 u. 025
;(.6:5 0 006 013 018 021 002 =00 =, 00h -.003 - 002 [}} JO0L 005 .003 OOk 005
99 0 -2 063, -061 ~ 061, 096 =007 <009 020 027 £51 036 . ~Oh3 OhS oh6 0h8
2.55 0 -.09% -.09% -.000 ~.001 -.000 ~.001 ~+091 -.090 -0 -.090 -.z -.089 ~.008 -.080 =05k
21 <] -.068 -.068 -.063 -.066 -, 068 - -.068 - 067 -.068 -.068 - - gﬁ -.068 -.069 =069
5,47 0 025 - C0h .08k -. 084 - 025 -.02% -.02h -.02h ~.0dh ~o02h -0k - =024 "ﬁ - 025
2.43 0 -,010 =011 - 011 ~(LL ~.010 =011 - 001 ] L - 012 - 003 -+015 ~o0k - - 0Lk
L» 0 0 o 0 2001 0 0 -,000 -, 001 -.001 ~.00L - -.002 - 00 -3
Bt A 013 ok Ok L) 035 XL} 07 017 T Q5 015 005 Lok 01k mk
__E_... -.65 0 009 09 .009 009 009 009 009 009 008 009 009 .09 | .009 09 009
10.76 1.0 ~+00B =006 -0 -2 005 o 004 =009 -.008 =007 ~,00k -.Q0R - 002 ~ 003 -0k -+ Q0L -.&5’5
9.& 1.k 009 018 013 12 009 008 2009 o .ao 0L - ~.038 -.059 - 0h0 - -
a. L.ho 002 019 <3 . .00 L0 018 =009 ~010 -.012 -012 -0 -.013 -.002 -]
7.63 1.k 010 . 0R6 089 ] =000 003 008 .009 N i) o .o 013 016 07
.59 1.ho -.055 -0 ~e 066 -.055 ~.061 =02 003 K14 020 e {025 030 ey 053 Q5
2.55 Lko =15 - - 10 ~al0h -.g.g -,105 - 10% =103 -.;.25 ~.108 =105 -.% - 108 -1 -.10% et
-5l 1.80 -.060 =06 ~.060 =062 - -.062 ~s 061 -.061 -.061 -,068 - - -.060 ~063 ~.068
5.57 1.0 -0 -~ 028 ~028 -.087 - 05 ~ 027 ~ 007 - 027 4 - 027 -7 -.008 - 07 =088 -.028
243 1.ho w, 011 =.C1h w015 - -, 011 =015 - 002 -.5 -.01% LR =015 -.013 -Gl -.01% =00k
1.59 1,40 .0 11 K. LS e 03 -mn 003 e L 05 .ol .o .01 011 .o
g 1.h0 .010 010 010 000 .010 .010 010 010 a0 010 .010 000 i Ti] 010 Q1o
- 1.50 010 V] 0 »000 2010 010 .00 010 01D 010 010 T 1 010 010
0,76 L7 =000 = o Ok ~.005 00D =008 ~.001 - 005 -~ 023 ~ 051 -.033 ~.032 - 032 =B ~052 =051
gg ESL 4 o022 ] g a1 ~.001 4 001 003 006 g .ag .009 .009 008
X T ~.062 ~. 06k =06 - -2 -.g? 008 0Lk .- 085 N 050 N L35 056
1.65 JL|.:|.7 =067 ~-070 =069 . "°§ -."‘7 -.ﬁ . - ~.068 -.gl -.06'1] -.Eﬂb -219 --%
3.21 .2y ~.025 «.028 -.0%8 -.g - 087 028 -028 ~a028 ~.088 ~.088 - -.038 -028 -.088 029
507 k.7 =00k -.007 ~.007 ~ -.000 =005 2006 - - - -.005 - 005 -, 006 - 006 -.006
e.k3 b,17 [ 0 o [} [} o o 1} 0 o /] o - 2] [} 1]
1.59 ka7 [ 0 0 0 [ 0 0 0 0 0 [1} 0 D [ 1]
5 L% 1] o 0 0 [¢] 0 0 0 [4} i ] 0 0 [} o o
10, 5.9% -, 080 -.002 -.000 -0 -,08L =081 -.081 -.081 ~.000 -.079 ~070 m.O5h =040 - 085 ~012
g.§ S0k | ~oob6 | -ob7 | -.ows | ook | -uoby | -aob6 | ohs | o0b3 | oW | -.0hE | 046 | 086 | -0y | o086 | -uOW]
ves | &a | o | o | o | e | o | mp | T | Yok | tab | IoB | Tk | D% | o | TeR | Cme
5] . - bl ) = - “a d = - = =a ol ~v —a
2.59 6.05 -.0.1; - OLT -.018 -~ =016 -.013 =017 - 007 -, 016 - - =015 -.016 ~:016 -
5.5 5.0k -.018 ~02L =021 -,081 -,020 -, 022 -.021 ~.080 -, 080 s 0PL ~.08L -0 -,02L ~.082 -
l.zl 6,54 -,020 020 =020 =080 -.020 ~.020 - 000 -.020 =020 ~.020 -.080 -, 020 ~o 020 ~.020 ~.020
5.47 6.5 [ 0 i} 0 0 0 [} 1] [} [} 0 0 0 0 0
0.7% | 1.2 =013 -.0L ~.015 -0 L -1k e LR -,013 -,015 -, 019 ~022 025 ~.008 -.030 =-0%2
gg 1.1 003 o T 001, .00 000 005 OB 008 003 =002 =003 =008 =011 -.013 -.015
. 1. =003 ~,006 -, 009 -.00h ~. 00k -~ «.00L -, 002 -,007 -.010 - ~-m3 ~a1y =019
7.6% | 1L.11 -0 -0l -0 - 081 - -, 081, -, ORI, o - - (2L L -2k -.0a =021 -0 =021

1.9 2,13 2,20 246 2.62
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TABIX IX.- VALDES OF JET-CN PAMSSUERE CODFYFICINTS FOR ALL WING (RIFICE
POSTTIONG FOR TOMAL-PRESHRE RAYI0S OF 2 70 16 — Comtioned

(4) Tost position I, (mpersonie exdt)

Preasure soafficients for nacella~sxit total-presmms ratio Hgfp, of —
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TABLE 1T.~ VATUES OF JR¥-ON PREJCORE CORFFICIENTE YOR ALL WING ORIFICE
FOSITICHS F(R TOML-FRESSORE RATIOE OF 2 %0 15 — Conoluded

(=) Tast Pomition I;, (sonde exit)

Prossure soafficients for nosllo-sidt tokel-presmura ratic Hefp, of —

¥
¥

3 HhErpiizdEas

Hnumm—:mag

]
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Ly
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FABLE ITT.-~ VAIIEE (F DICREMENTAL FRESBIRE CORFFICIENTS FOR ALL WING ORIFICE

PCATRIONE POR POPAL-PREDCURE RATIOS oF 2 T0 16

(a) Test position T, (mupersouic exit)

ordinates Prassure coefflciants for mcelle-exit totel-preasure ratlo Hyfry of =
/Op ¥/Dep 2 5 b 5 6 T 8 9 10 1L R 13 1 15 15
10.7%6 0 -0.08 | 0,009 | -0.019 | ~0.c20 | -0.am | .0.021 | -0.020 | .05 | -0.003 -o.og ~0.005 | 0,000 0.002 0.045 0.00:
9.@ 0 =001 -.000 ~.0LL —.(10 -0 -0 TS PNCT) -3 - -.0Lk =001 ~a QL3 -.017 -.001
8. 0 -.003 -.a1% -1k =018 ~.013 -.gﬁ - 003 =005 - Ok =01 -.016 =021 -0 =008 -.ca9
;(.65 [} - .00k .00k =013 -3 -'gii - - 00k ~.01k - .18 -0 -.003 -0 -8 ~.000
459 0 -9 -.018 ~a 01T =015 - 005 - -.&p -+018 -9 - 002 =00 002 005 .ong
5,55 ] -3 =026 -0l -0 -0k =028 -.029 - -.020 =16 - Q3 012 -.013 - 005 'ﬂ
3, 0 - 055 - 008 -1 0350 =BT =035 =07, -.050 -.030 -3 -.07% -.%715‘ =122 et -
3AT 0 - 017 - -.a18 - -.005 - -.048 -.069 -.i:gg ) =075 - -.a72 =085 -.06T
205 o ::2 152 ATL 1Tk AT .20 -, 150 . 1h0 J1R5 ) 2153 Ja57 51
139 0 ' O 2005 OTT 10 .13e 1k8 2251 AP 10 BOL .22 224 57 ke
5 [} 005 00k D01 - 00k 008 00 o 001 000 001 000 ,001L 000 001 0
-89 0 a 1] [¢] [+] [} 1] 0 0 Q [+] [+} 0 [} -}
10.74 1.50 =.0L 006 PN, 1R ~+009 -.008 - 008 -.00B -.007 -.007 -.006 - 002 -0 ~.00k .00 -.006
9. 1.k0 -+ Ok =003 - -.013 -.01k -.013 ~.01h -1k N1 -.g.f =015 -l =025 -.006 - 030
B.l 1.0 =00k -.012 -3 w2 -, 03 - 005 -6 -0k -.003 . -.017 0% - 0R5 - 003 ~ 02
1.65 140 L] a6 -] -.019 =005 -.018 =008 ~.006, ~.002 008 009 0135 a7 006 0
6.59 k0 -7 Y =005 -0 - 007 =015 -.gib ~oG18 -k -.009 -.006 ~00% o 003 L0
2.55 i‘:g -.q:; -.g} -.g -.q” =050 -.g -.050 -.% -.% ~a -.g% -.gg -.088 -.g -.:sz;.
Y - - - - - B2 - =B - - =00 - - ~.100 - -
5.&{ 1.h0 io 150 173 J55 .156 W135 105 200 ol 106 2109 110 A1k i 120
2.8 1.k0 ke 18k 0 J21 W32 1AL 55 =161 169 JOTT 285 .10 :llg «200 208
1.39 .40 005 O, Y 00% -.002 o » 002 009 JOKT 103 ML A7 . AP 205
.gg 1.h0 o 0 ] [} 1] 1) <] 0 [+] 0 [} 0 o s} 1]
- 1.W o [ 0 0 1] 0 [+} [*] [ 1] 0 [+) 1] 0 [\]
10.76 ka7 =021 -.006 -.016 w015 -.015 Q18 -3 -k -7 -me -.g‘}z =0T =012 -2 "ﬁ
g:g k7 -.019 -.008 -.016 -.003 -.016 -~ CLT -.ng ~.f -.019 -.g:l.g - - 0Lk -.£ -l -
8 k27 =007 - (1R =01 -.013 - LT -9 -8 =016 -6 - - 026 - 085 - -.068 -.070
z.sb k17 032 026 05 020 ] 051 27 020 a1l +006 +0ch. 0B 00, -.002 002
39| hiT 070 Wiird O 09 o7 065 +063' o6k | 083 051 D58 069 070 <072 073
3.55 [ Yk} Ok =001 n .01 N3 063 05 083 092 gglwb; g L0 102 210k ﬂ
21 hAT 00 o -.00L 002 . QOR 0 w002 .oal OB R . 050 -.081 095 .
3.7 A7 -, 002 0 -a 002 0 -0 -.002 -.002 -.002 =002 =005 | -.002 o003 -.002 ~.008 ~.005
2.43 k1T 0 0 ] 0 [} [} 0 0 0 o | o 0 0 o [
139 ka7 [} 0 0 [+ [ 0 1] 0 Q 0 0 0 0 0 0
35 a7 0 0 0 0 [} 0 0 ] ] 0 [ 0 0 0 0
10.7% (X1 O3 o 0k K., 052 .50 O 046 JOh6 JOhS. 046 (k6 Ok OB k8
9.3 6.,9% 006 oa; 007 e 6 07 olug {056 , <0ke 058 N. -3 % g; ,& .gg
aes( 4o 00, g [ KR, «002| - Y Loomt [ Y eomal g § oM [, - T .
63| 6w ~+002 - =005 -0 - 002 -0 ~ 005 -.002 -.008 008 -.00L =000 =001 ~.00L 0
3% | 6.9h =002 -0 | o 02 -002 -om, 002 005 OB 00k .00k .00k 0 0. .0
2.55 6.9 OB 005 001 .00 001 ~000, 002 OB <0 005 005 »00% .003 O 008
2.1 6.9 ] [} [} -} 0 0 (1] 0 0 [} 0 Q Q 0 [
35T 6.9 0 0 o [+} 0 0 [} ] 0 o 0 [ 0 0 0
10,% | 111 020 <015 08 018 A5 005 008 020 020 R0 05 .ar -8 -0k 013
g.'m nn 0 @b g;; o] +009 00 016 Nk onf .8 a7 25 @k 012 L0
.68 | 111 022 .07 o 000 e 015 .as 0g 019 +000 .m9 017 1k S0e K11
763 | 1111 0 0 ¢ 0 0 ] o 0 [} [} 0 4] 0 0 o
s 53 A9 69 K" .98 1,15 .31 1.8 1.6% 1,80 1.56 2.1% 2.29 246 .62
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TANIN IIT.- VAUDES OF INCSEAEWTAT. FISSSORE COEFFIOIENTS FOR ALL WINOG ONIFICE

POSIFIONS PR TOML-PRESSTEE RAZION OF £ T0 15 — Conkimund

(b) Test position Iy (supsrsoudis axit)

Gritien
ordinates Pressure coalfiolenta for racells-sxit total-pressurs ratic H,/p, of —
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Figure 1l.- Photograph of the nacelle mounted beneath the flat-surface
wing in the 27~ by 27-inch preflight-jet nozzle.
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Figure 2.~ Schematic diegrsm of nscelle. All dimensions are in inches.
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Figure 4.- Location of the wing static-pressure orifices.
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a He calculated from thrust measurements for poaltlon I'b

-— Ee calculated from measured Hc ( assuming one q loas)}

16
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Bo/Pa,

Figure 5.~ Variation of nacelle~cambustion-~chamber total-pressure ratio
wlth nacelle~exit total-pressure ratlo for the supersonic nacelle exit.
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Figure 6.- Variation of static-pressure ratio with total-presgure ratio
for both supersonic and sonic propulsive Jets.
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E./pm =7 ) l./lt‘,° =8

(a) Position .I. L-95805

Figure 9.- Shadowgreph plctures of the flow fleld about the nacelle exilt
with Jet on for test positions Ig, Iy, Ig, and Ily.
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(b) Position Ii. L-95806

Figure 9.- Continued.
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(c) Position I,.

Figure 9.- Continued.
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Bfog, = 12 x./pw =1

(d) Position IT. L-95808

Figure 9.- Concluded.
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Figure 10.- Variation of the angles of inclinstion from the nacelle center

(b) Jet-shock-wave angle.

line of the exlt and Jet shock waves with nacelle-exit-total-pressure
L, and I, for the supérsonic nacelle

ratio at test positions

exlt as measured from the shadowgreph pictures.
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Figure 13.~ Variation of exlt- and jet-shock-wave angles with nacelle-
exit statlic-pressure ratio for free-streem Mach mmbers of 1.39, 1.80,
and 2.02 for the nacelle sonic exit.
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